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This application is submitted in the name of inventors A. Farid Issaq, Frank Hawley, and 
John McCollum, assignors to Actel Corporation, a California corporation. 

SPECIFICATION 

REPROGRAMMABLE METAL-TO-METAL ANTIFUSE 
EMPLOYING CARBON-CONTAINING ANTIFUSE MATERIAL 

RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of co-pending application serial 
No. 09/972,825, filed October 2, 2001 and serial No. 10/331,144, filed December 27, 
2002, assigned to the same assignee as the present invention. 

BACKGROUND 

1. Field Of The Invention 

[0002] The present invention relates to amorphous carbon metal-to-metal antifuse 
structures. More particularly, the present invention relates to reprogrammable amorphous 
carbon metal- to-metal antifuse structures employing adhesion layers and titanium (Ti) 
barrier layers. 

2. The Background Art 

[0003] Integrated electronic circuits are typically fabricated with all internal 

connections set during the manufacturing process. However, because of high 

development costs and high manufacturing tooling costs of such circuits, it is 
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advantageous for integrated circuits to be configured or programmed by the user to 
implement a desired application. Such circuits are called programmable circuits, and 
antifuses are known in the art for providing the programmability of these circuits. 
Antifuses are devices that generally comprise a pair of conductive electrodes sandwiched 
about an insulating antifuse material layer. 

[0004] A programming process disrupts the antifuse material and forms a filament 
between the two electrodes. Prior to programming, antifuses exhibit a resistance as high 
as a few gigaohms between the two electrodes and may be considered to be open circuits. 
The programming process creates a low-impedance connection of a few ohms to a few 
thousand ohms between the two electrodes. Programming voltages range from a few 
volts to about 20 volts. 

[0005] It is known in the art that antifuses have been fabricated where the 
electrodes have been selected from a number of different electrically conductive layer 
materials, and the antifuse material layer has been fabricated from a number of different 
insulating materials. It is also known that many different antifuse structures have been 
proposed, including, "via" type, half-stacks, full stacks, conductive plugs and numerous 
other variations. 
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[0006] Antifuses are generally classified into two categories. A first type of 
antifuse, referred to as a substrate antifuse, has a doped region in a semiconductor 
substrate as its lower electrode and a layer of metal or doped polysilicon as its upper 
electrode. The antifuse material typically comprises one or more layers of silicon nitride 
or silicon dioxide. An example of such an antifuse is made of an oxide-nitride-oxide 
(ONO) antifuse material layer sandwiched between an N+ diffusion layer and a 
polysilicon ("Poly") layer (N+/ONO/Poly). Such a device is described in detail in United 
States Patents Nos. 4,823,181 and 4,881,114. For this category of antifuse, contacts have 
to be made to the N+ diffusion layer and the upper electrode from two corresponding 
conductive metal lines. 

[0007] There are known problems with substrate-level antifuses. Some of the 
suggested dielectric materials require complex manufacturing techniques and have low 
reliability during programming. Some programmed antifuses may have a finite resistance 
on the order of several hundred to several thousand ohms which may render them 
relatively unsuitable for use in high speed circuits, and also result in high power 
consumption when a large number of circuits are switching simultaneously. Further, to 
maintain reliable operation at commercially acceptable voltages, proposed antifuse 
material layers are typically thin enough to produce a relatively high capacitance. This 
can place a limit on device operating speed because antifuses on a single line act as 
capacitors linked in parallel, such that the sum of the individual capacitances of the 

3 



EU975044089US 

unprogrammed antifuses can slow data signals undesirably, 
consume a lot of chip area. 
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Finally, substrate antifuses 



[0008] A second type of antifuse, referred to as a metal-to-metal antifuse has a first 
metal layer disposed above and insulated from a semiconductor substrate as its lower 
electrode, a second metal layer as its upper electrode, and an antifuse material layer 
sandwiched between the first and second layers of metal. The antifuse material layer may 
be accompanied by one or more barrier metal layers separating it from lower and upper 
metal interconnect layers. Numerous structures for metal-to-metal antifuses are known in 
the art. Illustrative and non-exhaustive examples of metal-to-metal antifuses are shown in 
United States Patent No. 5,272,101 to Forouhi et al. 

[0009] The resistance of a programmed metal-to-metal antifuse is typically much 
lower than a programmed substrate level antifuse. During programming of a metal-to- 
metal antifuse, the metallization layers in the vicinity of the antifuse, the antifuse material 
layer and a portion of the adjacent metallization layers will disrupt and/or melt, and a 
conductive link will form through the antifuse material layer due to metal from the 
adjacent metallization layer being drawn in and intermixed through mass transport and 
thermal driven material diffusion and chemical reaction which is specific for an a-Silicon 
metal-to-metal antifuse. 
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[0010] Metal-to-metal antifuses usually employ a layer of amorphous silicon as the 
antifuse material, however, they may also employ oxide and nitride layers either alone or 
in multilayer combinations, or in combinations with amorphous silicon. Examples of 
antifuses that have been suggested using one or more oxide or nitride layers as antifuse 
material layers include United States Patent No. 4,543,594 to Mohsen et al., United States 
Patent No. 4,823,181 to Mohsen et al., United States Patent No. 4,899,205 to Hamdy et 
al. Examples of antifuses that have been suggested using amorphous silicon as an antifuse 
material layer, either by itself, or in combination with one or more oxide or nitride layers 
include United States Patent No. 5,070,384 to McCollum et al, United States Patent No. 
5,171,715 to Husher et al., and United States Patent No. 5,181,096 to Forouhi et al., 
United States Patent No. 5,272,101 to Forouhi et al., and United States Patent No. 
5,196,724 to Gordon. 

[0011] Antifuse capacitance, as described above, is also a problem for metal-to- 
metal antifuses. Amorphous silicon antifuses alleviate this problem by providing a 
relatively thick antifuse layer, however, amorphous silicon antifuses exhibit relatively 
high leakage currents. Another approach has been to form a leakage barrier between the 
electrodes and the amorphous silicon antifuse material. A thin layer of deposited silicon 
dioxide or silicon nitride has been used. If this layer is too thin, it will not be an effective 
barrier, and if it is too thick, it will appreciably raise the programming voltage of the 
antifuse. 
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[0012] It is known that a-Silicon metal-to-metal antifuses will exhibit, under 
specific conditions where excessive current is placed across a programmed antifuse, a 
phenomenon wherein the conductive links will open up or become non-conductive. This 
failure mode is commonly known as "read disturb" because an excessive parasitic current 
occurs during the read state of the antifuse. 

[0013] One factor that contributes to read disturb is the presence of any significant 
quantity of aluminum in the antifuse conductive links due to electromigration of the 
aluminum. Metal Barrier layers which serve to block aluminum flow into the antifuse 
material layer of various materials and various thicknesses have been proposed. The 
barrier materials, between the aluminum and the amorphous silicon, provide essentially 
all of the conductive material forming the conductive filament in the programmed 
antifuse. An antifuse formed with such a barrier metal link material can tolerate more 
current and have a higher reliability than an antifuse formed without the barrier metal link 
material. 

[0014] Another way to overcome this problem is to change the composition of the 
antifuse material. For example, an amorphous silicon antifuse layer may be replaced with 
another low-temperature dielectric, such as oxide, nitride, or combinations of oxide and 
nitride have lower leakage current and higher breakdown voltage. Therefore, to maintain 
the same breakdown voltage requirements, the thickness of the antifuse dielectric has to 
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be reduced. However, reducing the thickness of the antifuse material layer results in an 
increase in the capacitance of the antifuse in its unprogrammed state. This increased 
capacitance has a negative impact on the product speed. 

[0015] Other materials which are harder and denser than amorphous silicon, such 
as silicon carbide (SiC) and amorphous carbon have been proposed to replace amorphous 
silicon to reduce the read disturb phenomenon and other problems associated with 
amorphous silicon metal-to-metal antifuses. It is important to employ these materials at 
desired programming voltages, and with a minimum of capacitance. 

[0016] Amorphous carbon has been shown to significantly address the read disturb 
phenomenon. One problem in employing amorphous carbon as the antifuse material 
layer has been that it can fail to adhere to a metal electrode. Adhesion of the layers in a 
thin film device typically occurs because there is either ionic bonding at the interface of 
the films, metallurgical bonding where a chemical reaction between the materials results 
in a new material, or mechanical adhesion where the adhesion is due to the deposited film 
hooking onto surface nooks and projections. 

[0017] When materials in a thin film device do not adhere to one another, a "glue" 
layer must be employed. In an amorphous-carbon based antifuse device, the problem of 
finding a glue layer material is difficult because a suitable glue layer material must 
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adhere to both the metal electrode and the amorphous-carbon antifuse material layer. 
Concurrently, the adhesion material of the glue layer employed should have minimal 
impact on the programming and capacitance characteristics of the antifuse. 

[0018] One other characteristic that is common to prior-art antifuses is that they 
have typically been only one-time programmable, that is that the programming 
mechanism that creates the low-resistance connection between the two antifuse electrodes 
has been irreversible. Once the antifuse has been programmed it becomes a permanent 
low-resistance connection. Controllable reprogramming of antifuses has been an elusive 
goal. 



SUMMARY 

[0019] A reprogrammable metal-to-metal antifuse is disposed between two metal 

interconnect layers in an integrated circuit. A lower barrier layer is formed from Ti. A lower 
adhesion-promoting layer is disposed over the lower Ti barrier layer. An antifuse material 
layer selected from a group comprising at least one of amorphous carbon and amorphous 
carbon doped with at least one of hydrogen and fluorine is disposed over the lower 
adhesion-promoting layer. An upper adhesion-promoting layer is disposed over the 
antifuse material layer. An upper Ti barrier layer is disposed over the upper adhesion- 
promoting layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] FIG. 1 illustrates schematically in a cross-sectional view a reprogrammable 
metal-to-metal antifuse according to the present invention. 

[0021] FIG. 2A illustrates in a cross-sectional view a first embodiment of a 
reprogrammable metal-to-metal antifuse structure employing the tri-layer thin adhesion 
layer/a-C/thin adhesion layer structure according to the present invention. 

[0022] FIG. 2B illustrates in a cross-sectional view a second embodiment of a 
reprogrammable metal-to-metal antifuse structure employing the tri-layer thin adhesion 
layer/a-C/thin adhesion layer structure according to the present invention. 

[0023] FIGS. 3 A through 3E are cross-sectional views of the reprogrammable 
metal-to-metal antifuses of FIGS. 2 A and 2B showing the structures existing at selected 
points in the fabrication process according to the present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0024] Those of ordinary skill in the art will realize that the following description 
of the present invention is illustrative only and not in any way limiting. Other 
embodiments of the invention will readily suggest themselves to such skilled persons. 
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[0025] In FIG. 1, a reprogrammable antifuse 10 according to the present invention 
is depicted generally in a cross-sectional view. The reprogrammable antifuse 10 is 
disposed between a lower metal interconnect layer 12 and an upper metal interconnect 
layer 14. Lower metal interconnect layer 12 and upper metal interconnect layer 14 are 
disposed above a semiconductor substrate 16 and an intervening insulating layer 18. The 
antifuse 10 has a lower Ti barrier layer 20, a lower adhesion-promoting layer 22 
comprised of a material selected from the group comprising Si x C y and Si x N y , an antifuse 
material layer 24 formed from amorphous carbon or amorphous carbon doped with at 
least one of hydrogen and fluorine, an upper adhesion-promoting layer 26 comprised of a 
material selected from the group comprising Si x C y and Si x N y , and an upper Ti barrier 
layer 28. The lower and upper adhesion-promoting layers 22 and 26, respectively, are 
employed to provide adhesion between the antifuse material layer 20 and the lower and 
upper Ti barrier 20 and 28, respectively. 

[0026] According to the present invention, the adhesion-promoting layers 22 and 
26 should minimize the capacitance and do little to degrade the switching performance of 
the antifuse 10. The material for the adhesion-promoting layers 22 and 26 is preferably 
silicon carbide (Si x C y ) where the ratio of x to y is 1.0 +/- 0.4. Depending on the ratio of x 
to y, the dielectric constant of the SiC layer will be the range of about 4 to about 6. The 
adhesion-promoting layers 22 and 26 should not substantially affect the electrical 
characteristics of antifuse 10 controlled by the antifuse material layer 24, such that the 
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breakdown voltage, capacitance or leakage of the antifuse may not change by more than 
about ten percent, and are preferably quite thin. 



[0027] As such, the adhesion-promoting layers 22 and 26 may be between one and 
a few atoms thick giving a thickness for the adhesion-promoting layers 22 and 26 a range 
of about 2 angstroms to about 20 angstroms. It should be appreciated that a layer having 
a thickness of 2 angstroms represents an average material layer thickness. For example, 
in a sparsely dense atomic monolayer there may be sufficient space between the 
individual atoms of the monolayer that a measured thickness will give an average 
thickness of the sparsely spaced atoms. The Si x C y may be deposited using PECVD 
techniques that are well known to those of ordinary skill in the art 

[0028] In determining the capacitance of the antifuse 10, the capacitance of the 
structure, which includes adhesion-promoting layer 22, antifuse material layer 24, and 
adhesion-promoting layer 26, is the total series capacitance of layers 22, 24 and 26. A 
structure including a 2 angstrom layer of Si x C y , a 100 angstrom layer of amorphous 
carbon having a dielectric constant of about 2.5 to about 4, and a 2 angstrom layer of 
Si x C y , will have a dielectric constant of about 4, and a structure including a 20 angstrom 
layer of Si x C y , a 100 angstrom layer of amorphous carbon, and a 20 angstrom layer of 
Si x C y will have a dielectric constant of about 5.5. 
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[0029] Silicon nitride (Si x N y ) where the ratio of x to y is about 0.75 +/- 0.225 may 
also be employed as the adhesion-promoting layers 22 and 26 according to the present 
invention. The Si x N y may be deposited using PECVD techniques well known to those of 
ordinary skill in the art. The dielectric constant of the Si x N y layer will be in the range of 
about 6 to about 8, so that the dielectric constant for a tri-layer structure of Si x N y 
/amorphous carbon/ Si x N y with material layer thicknesses comparable to the material 
layer thicknesses of the tri-layer structure of Si x C y /amorphous carbon/ Si x C y described 
above will be higher than the dielectric constant for the Si x C y /amorphous carbon/ Si x C y 
tri-layer structure. 

[0030] Silicon Carbide Nitride (Si x C y N 2 ) where the ratio of x to y to z is (1 : 1 : 1) +/- 
0.40 for any ratio may also be employed as the adhesion-promoting layers 22 and 26 
according to the present invention. The SiCN may be deposited using PECVD techniques 
well known to those of ordinary skill in the art. The dielectric constant of the SiCN layer 
will be in the range of about 4 to about 8, so that the dielectric constant for a 
SiCN/amorphous carbon/SiCN structure with material layer thicknesses comparable to 
the material layer thicknesses of the SiC/amorphous carbon/ Si x C y structure described 
above will be higher than the dielectric constant for the Si x C y /amorphous carbon/ Si x C y 
structure. 
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[0031] The antifuse material layer 24 may be formed from amorphous carbon or 
amorphous carbon doped with hydrogen and/or fluorine. The thickness of antifuse 
material layer 24 has a range of about 50 angstroms to about 500 angstroms for a 
breakdown voltage of about 3V to about 20V. Preferably, the thickness of the antifuse 
material layer 24 is about 100 angstroms for breakdown of 5 volts. When the antifuse 
material layer 24 is formed from amorphous carbon doped with hydrogen, the hydrogen 
doping should be from about 1 atomic percent to about 40 atomic percent. The 
amorphous carbon, and combinations thereof, may be disposed by a source gas, 
preferably acetylene gas (C 2 H 2 ). 

[0032] FIGS. 2 A and 2B illustrates in cross-section a metal-plug embodiment of a 
reprogrammable metal-to-metal antifuse structure 30 according to the present invention. 
In the embodiment shown in FIGS. 2 A and 2B, substrate 32 is covered by an insulating 
layer 34 and a metal interconnect layer 36. Persons of ordinary skill in the art will realize 
FIGS. 2A and 2B are merely illustrative and that metal interconnect layer 36 is not 
necessarily the first metal interconnect layer in a multi-level integrated circuit. 

[0033] Insulating layer 38, formed from, for example, deposited silicon dioxide 
having a thickness from between about 400 nanometers (nm) to about 1000 nm, is 
disposed above metal interconnect layer 36 and includes a tungsten (W) plug 40 formed 
in a via therethrough and electrically coupled to metal interconnect layer 36. As is 
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known in the art, the upper surfaces of insulating layer 38 and W plug 40 may be 
planarized to provide a relatively flat surface upon which to fabricate antifuse 30. 
Alternatively, W plug 40 may be raised above the surface of the surface of the insulating 
layer 38 as shown diagramatically in FIG. 2A and 2B by performing planarization using 
techniques such aschemical/mechanical polishing (CMP) or by performing a plasma 
oxide etch after planarization. 

[0034] W plug 40 forms the lower electrode of antifuse 30. As depicted in FIGS. 
2 A and 2B, a Ti barrier metal layer 42 having a thickness of about 25 nm to about 200 
nm is disposed over the W plug 40. 

[0035] According to the present invention, a thin lower adhesion-promoting layer 
44 formed from either Si x C y , Si x N y , or SiCN having a thickness of about 2 angstroms to 
about 20 angstroms, or other suitable adhesion-promoting layer, as described above, is 
disposed over the lower Ti barrier metal layer 42 lying on the tungsten plug 40. An 
antifuse material layer 46 of amorphous carbon or amorphous carbon doped with 
hydrogen and having a thickness of about 2.5 nm to about 1000 nm is disposed over the 
lower adhesion-promoting layer 44. A thin upper adhesion-promoting layer 48 formed 
from either Si x C y , Si x N y , SiCN having a thickness of about 2 angstroms to about 20 
angstroms, or other suitable adhesion-promoting layer, as described above, is disposed 
over antifuse material layer 44. 
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[0036] A Ti barrier metal layer 50 forming an upper antifuse electrode having a 
thickness of about 25 nm to about 200 nm is disposed over the adhesion-promoting layer 
48. A hard mask layer 52 is deposited over barrier metal layer 48. In FIG. 2B, the 
hardmask layer is formed form an insulating material such as silicon dioxide, and in FIG. 
2A, the hardmask layer is formed from W. 

[0037] In both FIGS. 2 A and 2B, an insulating layer 54 of deposited silicon 
dioxide having a thickness of about 100 nm to about 200 nm is formed over the structure 
including lower adhesion-promoting layer 44, antifuse material layer 46, upper adhesion- 
promoting layer 48, and barrier metal layer 50. In FIG. 2B, metal interconnect layer 56 is 
disposed over the insulating layer 54 and contacts barrier metal layer 50 by a via formed 
through hardmask oxide layer 52 and insulating layer 54. In FIG. 2A, metal interconnect 
layer 56 is disposed over the insulating layer 54 and contacts the upper surface of W 
hardmask layer 52 by a via formed through insulating layer 54. As will be appreciated by 
persons of ordinary skill in the art, no etching step through hardmask layer 52 is 
necessary in the embodiment shown in FIG. 2A since the hardmask layer is formed from 
a conducting material. 

[0038] The hardmask layer 52 is patterned and etched to form a hardmask that will 
act as an etch mask when etching barrier metal layer 50, upper adhesion-promoting layer 
48, antifuse material layer 46, and lower adhesion-promoting layer 44 to form an antifuse 
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"stack". Such a mask is used instead of a photoresist mask, since a subsequent 
photoresist-removal step would necessarily employ an etchant effective on organic 
materials. Such etchants would attack the exposed side edges of the carbon antifuse 
material layer 46. 

[0039] When silicon dioxide is employed as hardmask layer 52, it protects the 
antifuse material layer 46 from being removed during a photoresist stripping step. 
Alternatively, Since Ti has high selectivity to W, a thin layer of PVD W in a range of 
about 25 nm to about 50 nm can also be employed as the hardmask layer 52 to etch the 
barrier metal layer 48. The oxide or W hardmask provides high etch selectivity and 
ability to etch metals without affecting the dielectric constant and the mechanical 
properties of the amorphous carbon antifuse material layer 44. 

[0040] FIGS. 3A through 3E are cross-sectional views of the antifuses of FIGS. 2A 
and 2B showing the structure existing at selected points in the fabrication process. Since 
the fabrication of antifuse 30 begins after the well-known prior processing steps used to 
planarize insulating layer 38 and W plug 4, FIG. 3 A shows the planarized insulating layer 
38 and W plug 40 as the starting point for the fabrication process. 

[0041] As may be seen from an examination of FIG. 3 A, antifuse 30 of FIGS. 2 A 
and 2B is fabricated by forming a lower Ti barrier layer 42 over the insulating layer 38 
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and the exposed top of W plug 40. Next, adhesion-promoting layer 44 is formed over Ti 
barrier layer 42. The adhesion-promoting layer 44 should be quite thin to minimize the 
effects on electrical characteristics of the antifuse material layer 46. As such, the 
adhesion-promoting layer 44 may be between one and a few atoms thick, i.e., in the range 
of between about 2 angstroms to about 20 angstroms. When either Si x C y , Si x N y , or 
Si x C y N z are employed as adhesion-promoting layer 44, either of the Si x C y , Si x N y , or 
Si x C y N z may be deposited using PECVD techniques well known to those of ordinary skill 
in the art. 

[0042] Next, an antifuse material layer 46 formed from amorphous carbon or 
hydrogen-doped amorphous carbon is then deposited on adhesion-promoting layer 44 to a 
thickness in the range of between about 50 angstroms to about 500 angstroms using 
PECVD techniques well known to those of ordinary skill in the art. It will be appreciated 
by those of ordinary skill in the art that the thickness of the antifuse material layer 
employed will depend on the desired programming voltage for the finished antifuse 30. 

[0043] Next, an upper adhesion-promoting layer 48 is deposited over amorphous 
carbon antifuse material layer 46. The adhesion-promoting layer 48 should be quite thin 
to minimize the effects on the electrical characteristics of the antifuse material layer 46. 
As such, the adhesion-promoting layer 48 may be between one and a few atoms thick, 
i.e., in the range of between about 2 angstroms to about 20 angstroms. When either 
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Si x C y , Si x N y , SiCN are employed as adhesion-promoting layer 48, either the Si x C y , Si x N y , 
SiCN are deposited using PECVD techniques well known to those of ordinary skill in the 
art. 

[0044] Next, Ti barrier layer 50 is deposited to a thickness of between about 25 nm 
to about 200 nm using PVD sputtering techniques well known to those of ordinary skill 
in the art. Hardmask layer 52 is then deposited over barrier metal layer 50. When the 
hardmask layer 52 is formed from an insulating material such as silicon dioxide, it may 
be deposited to a thickness between about 50 nm and about 400 nm, with about 200 nm 
preferred, using, for example, PECVD techniques well known to those of ordinary skill in 
the art. When the hardmask layer 52 is formed from W, it may be deposited to a thickness 
of between about 25 nm and about 50 nm using PVD sputtering techniques well known 
to those of ordinary skill in the art. FIG. 3A shows the structure resulting after these 
processing steps have been performed. 

[0045] Referring now to FIG. 3B, a photoresist layer 60 is deposited and patterned 
on the hardmask layer 52, using conventional photolithography steps. Hardmask 52 is 
then etched using conventional processing techniques appropriate to its composition. 
FIG. 3B shows the structure resulting after these processing steps have been performed. 
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[0046] Referring now to FIG. 3C, the photoresist layer 60 is then stripped exposing 
the remaining patterned hardmask layer 52. The patterned hardmask layer 52 is left to act 
as an etch mask when etching lower Ti barrier layer 42, lower adhesion-promoting layer 
44, antifuse material layer 46, upper adhesion-promoting layer 48, and upper Ti barrier 
layer 50 to form the antifuse stack. The antifuse stack is then etched using conventional 
processing techniques. FIG. 3C shows the structure resulting after these processing steps 
have been performed. 

[0047] In FIGS. 3D and 3E, an insulating layer 54 of silicon dioxide having a 
thickness of about 100 nm to about 200 nm is deposited using, for example, PECVD 
techniques well known to those of ordinary skill in the art over the structure including 
lower adhesion-promoting layer 42, antifuse material layer 44, upper adhesion-promoting 
layer 46, barrier metal layer 48, and hardmask layer 50. In FIG. 3E, metal interconnect 
layer 56 is disposed over the insulating layer 54 and contacts barrier metal layer 50 by a 
via formed through hardmask oxide layer 52 and insulating layer 54. In FIG. 3D, metal 
interconnect layer 56 is disposed over the insulating layer 54 and contacts hardmask W 
layer 52 by a via formed through insulating layer 54. The metal interconnect layer 56 
may be formed using PVD sputtering. The vias are formed in FIGS. 3E and 3F using 
conventional processing techniques. 
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[0048] The adhesion-promoting layers should minimize the capacitance of and do 
little to degrade the switching performance of the antifuse. The adhesion-promoting 
layers may be quite thin in a range of between about 2 angstroms and about 20 angstroms 
to minimize the effects on electrical characteristics of the antifuse material layer. The 
material for the adhesion-promoting layers is preferably silicon carbide (Si x C y ). 
Depending on the ratio of x to y, the dielectric constant of the Si x C y layer will be the 
range of between about 4 and about 6. Silicon nitride (Si x N y ) may also be employed as 
the adhesion-promoting layers according to the present invention. Depending on the ratio 
of x to y, the dielectric constant of the Si x N y layer will be the range of about 6 to about 8. 
Silicon Carbide Nitride (Si x C y N z ) where the ratio of x to y to z is about (1:1:1) +/- 0.40 
for any ratio may also be employed as the adhesion-promoting layers. The dielectric 
constant of the Si x C y N 2 layer will be in the range of between about 4 and about 8. The 
adhesion-promoting layers are deposited using PECVD techniques well known to those 
of ordinary skill in the art. 

[0049] For an antifuse material layer of amorphous carbon having a dielectric 
constant of about 2.5 to about 4, a tri-layer structure including a 2 angstrom layer of 
Si x C y , a 100 angstrom layer of amorphous carbon, and a 2 angstrom layer of Si x C y , will 
have a dielectric constant of about 4, and a tri-layer structure including a 20 angstrom 
layer of Si x C y , a 100 angstrom layer of amorphous carbon, and a 20 angstrom layer of 
Si x C y , will have a dielectric constant of about 5.5. The dielectric constant for a tri-layer 
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structure of Si x N y /amorphous carbon/ Si x N y with material layer thicknesses comparable 
to the material layer thicknesses of the tri-layer structure of Si x C y /amorphous carbon/ 
Si x C y will be higher than the dielectric constant for the Si x C y /amorphous carbon/ Si x C y 
tri-layer structure. 

[0050] The antifuse according to the present invention is reprogrammable 
according to the method of the present invention. It may be programmed, and erased and 
reprogrammed. As is known in the art, antifuses are programmed by applying a 
programming potential across them until a sharp rise in current flow is sensed, indicating 
that a low-resistance connection has been established between the electrodes. As with 
prior-art antifuses, one or more "soak" cycles may be performed on the antifuse after 
programming as is known in the art. 

[0051] The antifuse according to this invention can be programmed at low current 
of between lOOuA to 1mA. The link formed at low current has low resistance (below 500 
ohm). The subsequent soaking of the antifuse link, with a higher current up to 5mA 
reduces the resistance further and tightens the programmed-resistance distribution. 

[0052] The antifuse programmed at low current i.e. less than about 1mA can be 
erased to the original off state condition (high resistance state) when subjected to a high 
current relative to the programming current i.e. about 10mA to about 15mA, a ratio of 
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about 10:1 programming to erase current. Another case is when the link is formed with a 
programming current of less than about 1mA and soaked with less than about 5mA. This 
case will have a higher erase current i.e. about 15mA to about 20mA, a ratio of greater 
than about 3:1 soak to erase current. 

[0053] The high ratio of switching current (erase current) to programming current 
indicates a reliable antifuse. The antifuse programmed and erased can be reprogrammed 
at voltages similar to the original programming voltages. In addition, the erased antifuse 
will have similar but somewhat higher leakage characteristics as compared to the 
original. 

[0054] FIG. 4 is a set of IV curves showing three cycles of programming and 
erasing of an antifuse according to the present invention. The curves of FIG. 4 were 
plotted for an antifuse with an amorphous carbon antifuse layer as disclosed herein 
having a thickness of about 300 angstroms. As may be seen from an examination of FIG. 
4, the antifuse programmed at voltages between about 8.2 to about 8.5 volts over the 
three programming cycles that were performed. Persons of ordinary skill in the art will 
appreciate that the programming voltage for an antifuse fabricated according to the 
present invention will be a function of the thickness of the amorphous carbon antifuse 
material layer. 



22 



EU975044089US ACT-390 

[0055] After the antifuse is programmed, the circuit in which it is contained may 
be operated at voltages significantly below the programming voltage. For the antifuse 
having the program and erase characteristics shown in FIG. 4, the maximum operating 
voltage should be about 0.75-2.5v. 

[0056] As also shown in FIG. 4, the antifuse of the present invention may be 
erased (returned to a high-resistance state) by placing a voltage potential across it. It has 
been found that the erase voltage is much lower than the programming voltage. In the 
case of the antifuse having the characteristics shown in FIG. 4, the erase potential has 
been found to be between about 3.4 to about 3.6 volts and the erase current less than 
about 20 mA over the three programming cycles that were performed. With the absence 
of a resistor at probe tip (normal routine) the erase voltage will be less than about lv. The 
explanation of the applied voltage is: the voltage is dependent on the circuit resistance, 
where the voltage is supplied to apply the erase current necessary to erase the antifuse. 
The example shown has a 250 ohm resistor at the probe tip of the device under test, this 
resistor is for preventing current dumping which may occur from the test setup 
equipment. Thus the applied voltage shown in this example is an artifact of the resistor in 
series, and not the critical parameter. The applied current is the critical parameter. 

[0057] Referring now to FIG. 5, a block diagram illustrates a typical program/erase 
cycle that can be used with the reprogrammable antifuse of the present invention. First, as 

23 



EU975044089US ACT-390 

shown at reference numeral 60, the antifuse is subjected to a programming cycle as 
disclosed herein. Next, at reference numeral 62, the antifuse may be subjected to an erase 
cycle as disclosed herein. Because the reprogrammable antifuse of the present invention 
may not be reprogrammed an infinite number of times, the antifuse may then be checked 
at reference numeral 64 to see if the erase cycle has been successful, i.e., whether the 
antifuse has been returned to a high-resistance state. If the antifuse has been successfully 
returned to a high-resistance state, it may again be programmed as shown at reference 
numeral 66. If the antifuse has not been successfully returned to a high-resistance state, 
this indicates that it may not be erased and thus cannot again be programmed as shown at 
reference numeral 68. As will be appreciated by persons of ordinary skill in the art, the 
processes of reference numerals 60 through 68 may, but need not be, performed at times 
proximate to one another. 

[0058] While the invention has been described with reference to an exemplary 

embodiment, it will be understood by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof without departing from the scope of the 
invention. For example, it is to be understood that oxygen may be included in the mixture of any 
materials disclosed for the adhesion-promoting layers, for example, in addition to Si x C y and 
Si x N y ; Si x O y C 2 and Si x O y N 2 may be used, as well as similar mixtures of the other materials 
disclosed. In addition, many modifications may be made to adapt a particular situation or 
material to the teachings without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed as the best 
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mode contemplated for carrying out this invention, but that the invention will include all 
embodiments falling within the scope of the appended claims. 
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